Analysis of active chromatin modifications in early mammalian embryos reveals uncoupling of H2A.Z acetylation and H3K36 trimethylation from embryonic genome activation.
Early embryonic development is characterized by dramatic changes in cell potency and chromatin organization. The role of histone variants in the context of chromatin remodeling during embryogenesis remains under investigated. In particular, the nuclear distribution of the histone variant H2A.Z and its modifications have not been examined. Here we investigated the dynamics of acetylation of H2A.Z and two other active chromatin marks, H3K9ac and H3K36me3, throughout murine and bovine pre-implantation development. We show that H2A.Z distribution is dynamic during the earliest stages of mouse development, with protein levels significantly varying across stages and lowest at the 2-cell stage. When present, H2A.Z localizes preferentially to euchromatin at all stages analyzed. H2A.Z is acetylated in pre-implantation blastomeres and is preferentially localized to euchromatin, in line with the known role of H2A.Zac in transcriptional activation. Interestingly, however, H2A.Zac is undetectable in mouse embryos at the 2-cell stage, the time of major embryonic genome activation (EGA). Similarly, H3K36me3 is present exclusively in the maternal chromatin immediately after fertilization but becomes undetectable in interphase nuclei at the 2-cell stage, suggesting uncoupling of these active marks with global embryonic transcription activation. In bovine embryos, which undergo EGA at the 8-cell stage, H2A.Zac can be detected in zygotes, 4-, 8- and 16-cell stage embryos as well as in blastocysts, indicating that the dynamics of H2A.Zac is not conserved in mammals. In contrast, H3K36me3 displays mostly undetectable and heterogeneous localization pattern throughout bovine pre-implantation development. Thus, our results suggest that 'canonical' active chromatin marks exhibit a dynamic behavior in embryonic nuclei, which is both stage- and species-specific. We hypothesize that chromatin of early embryonic nuclei is subject to fine-tuning through differential acquisition of histone marks, allowing for proper chromatin remodeling and developmental progression in a species-specific fashion.